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Objective: To define the influence of interleukin-1 ac- 
tivity on coagulation and fibrinolytic system activation 
and the release of proinflammatory mediators in the early 
human response to severe infection. 

Study Design: All patients with severe sepsis syn- 
drome who were enrolled from two surgical centers that 
were participating in a randomized, double-blind, pla- 
cebo controlled, multicenter, multinational trial of re- 
combinant human interleukin-1 receptor antagonist in 
the treatment of sepsis syndrome. 



i 



Population: Twenty-six patients with sepsis syndrome 
received an intravenous loading dose of recombinant hu- 
Jman interleukin-1 receptor antagonist (100 mg) or pla- 
cebo followed by a continuous 72-hour infusion of recom- 
binant human interleukin-1 receptor antagonist ( 1 .0 [n=9] 
or 2.0 [n=8] mg/kg per hour) or placebo (n=9). 

Outcome Measure: Responses up to 72 hours after ini- 
tiation of treatment. 

Results: Plasma levels of the anaphylatoxin C3a and 



thrombin-antithrombin III complexes were reduced in the 
high-dose recombinant human interleukin-1 receptor an- 
tagonist treatment group after 72 hours (P<.05). Simi- 
larly, parameters of fibrinolysis, tissue-type plasminogen 
activator, and plasminogen activator inhibitor type 1 but 
not plasmin-a 2 -antiplasmin complexes, were also signifi- Q. 
candy reduced (P<.05) after 72 hours of treatment with a ftt 
high dose of recombinant human interleukin-1 receptor CO 
antagonist. Neutrophil elastase-a r antitrypsin complexes ■H 
and phospholipase A 2 levels were also significantly re- ^ 
duced in the high-dose recombinant human interleu- < 
kin-1 receptor antagonist treatment group after 72 hours. ^ 

Conclusions: The results confirm that activation of the S> 
coagulation and fibrinolytic systems and release of soluble CD 
inflammatory mediators are consistently observed in pa- f"* 
tients with severe sepsis syndrome. Interleukin-1 activ- 
ity contributes to activation of these processes as docu- 
mented by the reduction in surrogate activation markers Q 
during recombinant human interleukin-1 receptor an- -Ti 
tagonist treatment. 

(Arch Surg. 1995;130:739-748) 
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SEPSIS SYNDROME, character- 
ized by hypotension, vascu- 
lar collapse, and multiple or- 
gan failure, is a significant 
cause of morbidity and mor- 
tality in hospitalized patients and contin- 
ues to be an important health care prob- 
lem. It is generally accepted that this 
syndrome is caused by an excessive re- 
lease and activation of endogenous inflam- 
matory mediators in response to the infect- 
ing microorganisms. Cytokines, particularly 
interleukin-1 (IL-1) and tumor necrosis fac- 
tor a (TNF-oc) , have been implicated as im- 
portant mediators in the initiation of this in- 
flammatory host response. 1 In accordance 
herewith, levels ofTNF-ot and IL-ip are el- 
evated during experimental endotox- 
emia 23 as well as during septic shock in ba- 
boons 4 and humans. 3,5 The intravenous 
administration of tumor necrosis factor in 



animals results in shock, multiple organ fail- 
ure, and death, 6 - 7 whereas infusion of re- 
combinant interleukin-1 in rabbits 8 * and pri- 
mates 10 induces similar cardiovascular 
effects. Moreover, TNF and IL-1 may syn- 
ergize in inducing hypotension, tissue in- 
jury, and death, 811 as well as in triggering 
the release of IL-6 1213 and presumably IL- 
g 14-16 Their overlapping biological effects 
may be due, at least in part, to stimulation 
of the production of TNF by IL-1 and vice 
versa, 17 - 18 a situation that very likely oc- 
curs in septic shock. 12 

A number of in vitro and in vivo stud- 
ies have suggested that TNF and IL-1 




ARCH SURG/VOL 130, JULY 1995 
739 



METHODS 

PATIENTS 

Twenty-sii patients were entered in this study. The selec- 
Mon of patients is outlined below. The patients were part 
of a krger multicenter phase III randomized, double- 
bund, pbabo-controlled study to evaluate the efficacy of 
interleulon-l receptor antagonist in reducing 28-dav all- 
^Hf? m#**y »te in patients with severe infection. In the 
. present study, all patients from the Free University Hos- 
pital (Amsterdam, the Netherlands) and the New York (NY) 
Hospital who were included in the larger multicenter trial 

ST 1 thiS A bStUdy - M \ P aticn * ^ve wnttSrS 
consent, and the protocols were approved by the institu- 
tional review boards of each participating hospital 

one of the following treatment groups: interleukin-1 recep- 
tor antagonist, 1.0 mg/kg per hour (n=9); interleukin-1 k- 
cept ora nt a g^ZOmg^ I >erhou r (n^);or P kX(v^ 

dose ^eh«h^ose,andtheplacebogroups,respectively The 
tteatoentregunenfabothmterleukm-lrecepTranta^ 

iOOmgofmterleukin-l receptor antagonist in 10 mL 
S^^.^^^^^^^ntvolumeTf 

SoXS ^^enoustafosionfo^hours 
ra£ofl^^^^^^ 

rate of 12 mLper hour. AU patients received standard inten- 
sive care support including intravenous administrationofflu- 
Ws c^diovascularandrespiratory support, andadmnSnS- 

nonofappropmteantimicrobial agents, and they could un- 
dergo surgery when indicated All patients started with Ae 

SKsyndrome was made. Prior to thestartof theinterleukin 1 
receptorantagonistorplacebo infusion, data were coHected 

K™^? m^ ACHE 110 XOK wording to the methods of 

Knausetal^todemoruitratethatseverityofilmesswasstoi 
lar among treatment groups. mi 

SELECTION OF PATIENTS 

Inclusion criteria of the multicenter trial were as follows- 
(1) chmcal evtdence to support a presumptive diagnosb 
of sepsrs syndrome of a presumed infectious^ origin- (2) fe 

to 38 Cor less than or equal to 36°C); (3) tachycardia (>90 
beats per nmute); (4) tachypnea (-20 breatlJpS^S 

forvasopressors [except dopanune admiLter Jd at a dos 



age of less than 5.0 ,tg/kg per minute] to stabilize blood 
pressure in the presence of adequate fluid resusciutionT 

ftmcnon and/or inadequate perfusion: («) acute df terioS- 
: ^nttmenulsutus^ 
drugs or other therapeutic agents with central nenSsvs- 
tem depressant effects); (b) arterial hypoxenua 
mm Hg or less or a Pao^ction of mspired oxygen Stiri 
of 250 or less); (c) metabohc acidostefoH %?30 oXe 

acid 1 concentrauon; (d) oliguria (urine output of 0 5 jnl/E 
perhourorless); « cnaguhtionabnornJties p^ g 

TIES :J r0mb ° pl f Stin toc £ or 

equa to 1.2 times the upper limit of normal); (/) throm- 

bocy openia (s lOOXlO'/Lor a decreaseof 50% or mor" 
^ cardiac mdex greater than 4.0 1/min per square meter 
widisystemicvascular resistance less than 800 dv^JLocn;' 
to hepresenceofadeqnatefluidresusdutioSSe^ 
bjd to have been met in 24 hours or less prior to treaT 

PatientsmeetinganyofthefoUowingcriteriawerenot 
ekgrble to participate: age of 18 years or younlel pre* 

diogenic shock or a source of uncontrollable severe blood 

2 «gnificant portal hypertension; anuria (s50mL of urine 
™™ : ^ m <^ectionofsoudorganorSe 
ZonTi^^^^^P^edSn! 
Son f>f 7 h T° l t0 Asteroid admin- 

l^H ^ 1 u mg/kg Per ^ of Prednisone or equiva- 
lent], chemotherapy, or radiation) or a disease suffldendv 
advanced to suppress resistance to infection (mckS but 
not hunted to leukemia, lymphoma, acquired J3 
fiaency syndrome and known human ^nodef^™ 
virus seroposnivity); full-thickness therrnalorchemicdbu™ 
involving 30% or more of total body surface SSterf 

^usatanor .agreement; orpresence of an irreversible ^ rab- 
idly fatal underlying disease or injury. P 

DRUGS 

JinT reC ° mbinant interleukin-1 receptor antagonist 
(Anakmra Synergen Inc. Boulder, Colo) was provided to 

mumcnloril 1 T Sr*"? ° f pH " *" eontained so- 
oiumcMonde,tnsodiumdtrate,drsodiumcitrate citric acid 
edetate disodium, polysorbate 80, and steriTe ^ 
placebo, the vehicle was used. 

BLOOD COLLECTION 

For the present study, blood samples were only taken dur- 
Higthenme hat treatment with interleukin-1 receptor an 
tagontst or placebo was given (72 hours). ThuTSSS 
pauents were Mowed up for 28 days, tie evSaSn pS 
nod for the present study was considered to be 72 hours 
Blood samples were obtained through the patient's arS 



exert their influence during sepsis via the induction of 
f IL - 6 "* IL - 8 > -chidonic 



ex ent TNF-a and IL-1 contribute to the pathogenesis 
of the sepsis syndrome in humans, either direedfor^ 
induction of other inflammatory mediator specks 
r „» ,™y> a recombinant human antagonist of IL-1 

Th£ e T, C a , VaUable f0r Use in clinical tud- 
tes. Thtsmterleukin-1 receptor antagonist binds to 
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rial line and were collected in 10-mL siliconized tubes that 
" contained 3.8% wt/vol sodium citrate or 1 50 U of heparin 
sodium. The blood samples were taken shordy before and 
at 4, 12, 24, 48, and 72 hours after the start of the treat- 
ment regimen. After collection, they were immediately stored 
in ice to prevent activation of the complement system. 
Plasma was obtained by centrifugation of blood for 15 min- 
, utes at 1300g. All plasma samples were stored in aliquots 
at -70°C until tested. 

ASSAYS 

Plasma TNF-a and lL-lfl levels were measured by stan- 
dard enzyme-linked immunosorbent assay (EL1SA) tech- 
niques, as reported elsewhere. 32 - 33 The sensitivity of these 
assays is 34 and 8 pg/mL, respectively. 

The concentration of IL-6 in plasma was quantified 
with an EUSA modified from that described in detail be- 
fore. 34 Briefly, purified monoclonal anti-interleukin-6 an- 
tibody (mAb CLB-IL67 16) was used as a capture antibody, 
andbiotinylated sheep antibodies in combination with strep- 
tavidin-polymerized horseradish peroxidase conjugate (CLB 
Department of Immune Reagents, Amsterdam) were used 
to detect bound IL-6. Results were expressed as pico- 
grams per milliliter by reference to a standard consisting 
, of recombinant human IL-6. 35 The lower detection limit of 
this assay was 5 pg of IL-6 per milliliter of plasma. 

lnterleukin-8 was measured with a sandwich ELISA 
modified from that described previously 36 : monoclonal anti- 
interleukin-8 antibody (mAb CLB-IL8/1) andbiotinylated 
affinity-purified sheep anti-interleukin-8 antibodies were 
used as capture and detecting antibodies, respectively. Po- 
lymerized horseradish peroxidase conjugated to streptavi- 
din was used to quantify bound biotinylated antibodies. Re- 
sults were compared with those obtained with dilutions of 
recombinant human 1L-8 and expressed as picograms per 
milliliter. The lower detection limit of this assay was 
5 pg/mL. 

The anaphylatoxin C3a in plasma was measured by a 
radioimmunoassay as previously described. 37 

Thrombin-antithrombin III (TAT) complex levels were 
determined with a novel ELISA. In this assay, monoclonal 
antibody TIG against human thrombin and prothrombin 
was used to catch TAT complexes from samples to be tested 
Bound complexes were detected using biotinylated mono- 
clonal antibody AT1II-0 (CLB Department of Immune Re- 
agents) in combination with streptavidin-polymerized horse- 
radish peroxidase. Results of this ELISA were expressed as 
nanograms per milliliter by reference to a standard con- 
sisting of pooled human serum. (The amount of TAT com- 
plexes in this in-house standard was assessed using a com- 
mercial ELISA for TAT complexes [Behringwerke AG, 
Marburg, Germany]). The lower limit of detection of this 
assay was 1 to 2 ng of TAT complexes per milliliter. Nor- 
mal values (ie, obtained from a panel of normal donors) 
were less than 4 ng/mL. Comparison of levels in plasma 
samples from patients with varying levels of TAT corn- 



both types of IL-1 receptors with the same affinity as IL-1 
but does not induce signal transduction, Interieukin-1 
receptor antagonist has been useful in evaluating the in- 
fluence of IL-1 on secondary mediator systems and physi- 
ologic measures of experimental sepsis. In a primate model 
of lethal septic shock, administration of interleukin-1 re- 



plexes (from normal to greater than 1000 ng/mL) ob- 
tained with this novel assay for TAT complexes with those 
measured by a commercial assay (Behringwerke) yielded 
an excellent correlation (r=.99, n=23). 

Tissue-type plasminogen activator (t-PA) concentra- 
tions in plasma were measured with a previously de- 
scribed sandwich ELISA, 38 and plasmin-a 2 -antiplasmin 
(PAP) complex levels were measured with a previously de- 
scribed radioimmunoassay. 39 

Plasminogen activator inhibitor type 1 (PAI-1) levels 
were assessed with an ELISA that had been modified from 
a sandwich-type radioimmunoassay as described in detail 
before. 40 In short, monoclonal anti-PAl-1 antibody (mAb 
CLB-2C8) was used as the coating antibody and biotinyl- 
ated polyclonal rabbit anti-PAI-1 antibodies as the conju- 
gate. Results were expressed as nanograms per milliliter by 
reference to a standard curve of human PAI-1. This assay 
had a lower detection limit of 5 ng/mL. 

Neutrophil elastase-a r antitrypsin complexes were de- 
termined with a radioimmunoassay as described in detail 
before. 41 

Phospholipase A 2 concentrations in plasma were de- 
termined with an ELISA that had been modified from that 
of Smith et al 41 Monoclonal antibodies against human se- 
cretory PLA 2 type II (sPLAj) were used as the coating and 
catching antibodies. Results were compared with those ob- 
tained with cultured medium from Hep G2 cells stimu- 
lated with human interleukin-6. 40 The amount of ?IA 2 in 
this cultured medium was assessed by comparison with pu- 
rified recombinant human sPLA 2 . The lower limit of de- 
tection in this assay was 1 ng/mL; the meaniSEM normal 
value as assessed in 19 healthy volunteers was 20±7 ng/mL 
(range, 9 to 30 ng/mL). 

All of the above assays exhibited interassay variation 
coefficients of less than 15%, as was estimated from the varia- 
tion of dose-response curves obtained on at least 3 differ- 
ent days over a 3-month period. To minimize interassay 
variation, all samples were tested within one assay proce- 
dure. 

STATISTICAL METHODS 

The data are expressed as means ±SEMs. Factorial analy- 
sis of variance (ANOVA) was used for comparison of 
APACHE III scores and demographic data between groups. 
An ANOVA for repeated measures was used to assess sig- 
nificant changes in variables in the course of the observa- 
tion period. The nonparametric Mann-Whitney U test was 
used to determine the significance of the differences be- 
tween groups. The Wilcoxon rank sum test was used to as- 
sess the differences within groups between baseline levels 
and those at subsequent time points. For all tests, a two- 
tailed P value less than .05 was considered statistically sig- 
nificant. The analysis was performed using a commercial 
statistical package (Stat-View, Abacus Concepts Inc, Berke- 
ley, Calif) on a Macintosh computer (Apple Computer Inc, 
Cupertino, Calif). 



ceptor antagonist improved survival and hemodynamic 
performance and reduced IL-6 levels without affecting 
circulating TNF concentrations. 28 Moreover, adminis- 
tration of interleukin-1 receptor antagonist abrogated ag- 
gregation of neutrophils and lung injury in endotoxin- 
induced 9 and Escherichia colt-induced shock 29 in rabbits. 



In the present study, we tested the hypothesis that 
IL-1 may contribute to the activation of other mediator 
systems such as the complement, coagulation, and fibri- 
nolytic cascades in human sepsis. We also sought to evalu- 
ate the role of IL-1 on neutrophil activation and the re- 
lease of both arachidonic acid metabolites, IL-6 and IL-8. 
For this purpose, we prospectively analyzed the course 
of the plasma levels of these mediators during selective 
inhibition of IL-1 in patients with sepsis syndrome who 
were enrolled in a pihase III study to evaluate the effi- 
cacy and safety of interleukin-1 receptor antagonist. The 
clinical results of this trial have been reported previ- 
ously. 30 Our results indicate that clinical administration 
over a period of 72 hours of a large molar excess of in- 
terleukin-1 receptor antagonist relative to interleukin-1 
that is sufficient to block nearly all the IL-1 receptors at- 
tenuated activation of the complement, coagulation, and 
fibrinolytic systems. Furthermore, such intervention re- 
duced the levels of IL-6, neutrophil elastase, and phos- 
pholipase A 2 (PLA 2 ) in patients with sepsis, suggesting 
that IL-1 activity contributes to the appearance of these 
inflammatory mediators during human infection. 
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RESULTS 
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PATIENTS 



The three patient groups accrued from these two insti- 
tutions were balanced for APACHE III scores at study en- 
try (Table I ) (P=.86). In addition, when the groups were 
compared for distribution of age and gender, no signifi- 
cant differences were observed. The diagnoses on admis- 
sion to the intensive care units (all patients undergoing 




*No significant differences were observed between groups, as 
determined by analysis of variance. APACHE III indicates Acute Physiology 
and Chronic Health Evaluation. Values are means±SEMs. 

Uow-dose group was administered interleukin-1 receptor antagonist at 
a rate of 1 mg/kg per hour; high-dose group, 2 mg/kg per hour. 

%According to the methods of Knaus et al. 31 



surgery) were the following: intra-abdominal infection 
(n=:6); bowel infarction (n=3); pancreatitis (n=3); pneu- 
monia (n=3); gastrointestinal tract perforation and peri- 
tonitis (n=2); multiple trauma, including intra- 
abdominal lesions (n=2); gastrointestinal tract bleeding 
(n=2); abdominal aortic aneurysm, ruptured or infected 
(n=2); leg amputation (n=l); necrotizing fascitis and cel- 
lulitis (n=l); pelvic abscess (n=l); cholangitis (n=l); sys- 
temic infection of unknown origin (n=l); and line sep- 
sis (n=l). The three treatment regimens were randomly 
distributed within the more frequent disease categories. 

PLASMA LEVELS OF TNF-a AND IL-lp 

Plasma levels of TNF-a were undetectable except in a few 
patients who had detectable TNF-a concentrations at only 
one time point. Similarly, IL-1 (3 was only randomly de- 
tected in the plasma among treatment groups, and such 
levels were near the detection limit of this assay. Be- 
cause of the low incidence of detectable TNF-a and IL-10 
levels, neither calculations of means nor statistical analy- 
sis of the above data was performed. 

EFFECT OF IL-1 RECEPTOR BLOCKADE 
ON PLASMA LEVELS OF IL-6 AND IL-« 

The baseline levels (t=0 hours) of IL-6 (Table 2) were 
not statistically significantly different between groups 
(P=.6). In the placebo group, IL-6 levels remained un- 
changed during the observation period, whereas admin- 
istration of interleukin-1 receptor antagonist at either 1.0 
or 2.0 mg/kg per hour resulted in a progressive decrease 
of IL-6 plasma levels over 72 hours. Interleukin-6 levels 
in the low-dose and high-dose groups were below the lev- 
els of the placebo group from t=24 hours and t=48 hours 
onward, respectively (data not shown), and remained 
lower until the end of the treatment period (Table 2) . Dif- 
ferences between the groups were not statistically sig- 
nificant at any time point. When the course of IL-6 within 
each group was considered, both interleukin-1 receptor 
antagonist treatment groups but not the placebo group 
showed a significant decrease from t=4 hours onward com- 
pared with their respective baseline values. In the high- 
dose group, this decrease was highly significant at t=4 
hours, t=12 hours, and t=24 hours (Table 3). 

Baseline levels of IL-8 were higher in the high-dose 
group than those of the low-dose and placebo groups, 
although this difference did not reach statistical signifi- 



* Values are mean±SEM plasma concentrations of interieukin-6 (IL-6) and IL-8 at study entry (X=0) and after a 72-hour infusion period {\=72). No 
significant differences were observed between groups. 
Uow-dose group was administered interieukin- 1 receptor antagonist at a rate of 1 mg/kg per hour; high-dose group, 2 mg/kg per hour. 
^Significant difference (P<.05) within group between X=0 and U72. 



a nmj ct ror.Arm tin nnvioo«> 



4 — ^^^ ^rr: — ~~~~r^:~J7rrrrirz^ 



w 




* Baseline levels (\=Q) are the values before the start of the infusion. 
Differences within groups were determined using the Wilcoxon rank sum 
test. The low-dose group was administered interfeukin-1 receptor 
antagonist at a rate of 1 mg/kg per hour; high-dose group, 2 mg/kg per 
hour. IL indicates Interteukin; ELAST-a t -AT, neutrophil 
elastase-arantitrypsin; PAP, plasmln-xx 2 -antiplasmin; TAT, 
thrombin-antithrombin HI; t-PA; tissue-type plasminogen activator; PAI-1, 
plasminogen activator inhibitor type 1; sPLA* secretory phospholipase A 2 ; 
and ellipses, not significant 

t Significantly increased. 
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cance (high dose vs placebo, P=.6; high dose vs low dose, 
P=.3) (Table 2). Interleukin-8 levels in both interleu- 
kin-1 receptor antagonist treatment groups were below 
those of the placebo group from (=48 hours onward and 
remained at these levels until the end of the treatment 
period (Table 2). However, there was no statistically sig- 
nificant difference between the interleukin-1 receptor an- 
tagonist treatment groups and the placebo group at any 
time point In the placebo group, a modest decline in IL-8 
level was observed at 12 to 24 hours, after which, values 
returned to baseline levels (data not shown). Compared 
with the placebo group, the decline in the low-dose group 
was protracted for at least 48 hours, but this difference 
did not reach statistical significance (Table 3). In con- 
trast, a significant decrease in IL-8 levels compared with 
baseline values was found in the high-dose group at t=4 
hours and (=24 hours (Table 3). 
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Figure 1. Interleukin-1 receptor blockade and complement activation: 
mean±SEM plasma concentrations of C3a during a 72-hour infusion 
period in placebo and low-dose (1 mg/kg per hour) and high-dose (2 
mg/kg per hour) Interleukin-1 receptor antagonist groups. Significant 
differences between the placebo group and the high-dose interfeukin-1 
receptor antagonist group are indicated by an asterisk (P<.05) or double 
asterisks (?<.01), and those between low-dose and high-dose 
interleukin-1 receptor antagonist groups are indicated by a dagger 
(?<.05) (Mann-Whitney U test). 

EFFECT OF IL-1 RECEPTOR BLOCKADE 
ON COMPLEMENT ACTIVATION 

Plasma levels of C3a were assessed to estimate the ex- 
tent of complement activation in the treatment groups. 
Baseline levels of the placebo, low-dose, and high-dose 
groups were comparable (22.0±3.6, 28.1 ±5.0, and 
22.9±5.5 nmol/L, respectively). In the placebo group, a 
modest increase in circulating C3a levels was observed 
during the 72-hour period after the infusion had started 
(Figure 1 ) . This increase was significant compared with 
baseline values at t=12 hours (P<.05; Table 3). In the 
low-dose group, levels of C3a gradually declined and 
tended to be less than those in die placebo group from 
t=4 hours onward. However, neither this difference nor 
the decrease compared with baseline values was statis- 
tically significant. In contrast, the C3a levels in the high- 
dose group declined over time, achieving a significant dif- 
ference compared with baseline values at t=24 hours and 
t=72 hours (Table 3). Compared with the placebo group, 
levels of C3a were significandy lower in the high-dose 
group at £=24 hours, (=48 hours, t=72 hours (P<.05, 
P<.05, and P<.01, respectively; Figure 1). At t=72 hours, 
the high-dose group snowed a significant decrease com- 
pared with the low-dose group (P<.05), which suggests 
a dose-dependent effect of interleukin-1 receptor antago- 
nist on diminishing circulating C3a levels. 

IL-1 RECEPTOR BLOCKADE 
AND THE COAGULATION SYSTEM 

Levels of plasma TAT were measured to assess the acti- 
vation of the coagulation system. Baseline values were 
only moderately elevated in the placebo and low-dose 
groups, whereas a higher baseline value was observed in 
the high-dose group. At t=0 hours, three of eight pa- 
tients in the high-dose group demonstrated higher lev- 
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Figure 2. interteukin-1 receptor blockade and the coagulation system: 
mean±SEM plasma concentrations of thrombln-antithrombin ill (TAT) 
complexes during a 72-hour infusion period in placebo and low-dose (1 
mg/kg per hour) and high-dose (2 mg/kg per hour) lnterleukin-1 receptor 
antagonist groups. 

els of TAT complexes when compared with patients in 
both other groups (Figure 2). However, the differ- 
ences between baseline levels of the groups were not sta- 
tistically significant, nor were the differences at subse- 
quent time points. In the high-dose group, a highly 
significant decline from baseline values was noted at t=4 
hours and thereafter (Table 3), reaching TAT levels be- 
low those measured in the placebo group 48 hours after 
start of the infusion (Figure 2). 

IL-1 RECEPTOR BLOCKADE 
AND THE FIBRINOLYTIC SYSTEM 

Plasma levels of t-PA and its main inhibitor, PAI-1 , and 
PAP complexes were measured to assess the effect of IL-1 
receptor blockade on fibrinolytic system activation 
(Figure 3). Baseline levels of t-PA and PAP complexes 
in all three patient groups were comparable (Figure 3, 
top and bottom). In the placebo group, levels of t-PA did 
not change during the observation period but were only 
moderately elevated. Following infusion with interleu- 
kin-1 receptor antagonist, a gradual decline of t-PA lev- 
els was noted in the low-dose group, whereas the high- 
dose group showed a rapid decline that reached the 
detection limit of the assay within t=48 hours (Table 3 
and Figure 3, top). 

Activation of fibrinolysis was observed in the pla- 
cebo group, and PAP complex levels increased during the 
observation period (Figure 3, bottom). These levels were 
significandy increased above baseline values at (=12 hours, 
t=48 hours, and f=72 hours (P<.05, P<.05, and P<.01, 
respectively) (Table 3). Although an initial increase in 
PAP complex levels also was observed in both interleu- 
kin-1 receptor antagonist treatment groups, this in- 
crease did not continue during the 72-hour observation 
period, as was noted in the placebo group (Figure 3, bot- 
tom). However, no significant differences were noted at 
any time point between groups. 

All three study groups demonstrated a decline in 
PAI-1 levels during the observation period (Figure 3, cen- 



ter). In the placebo and low-dose groups, levels of PAI-1 
gradually decreased from baseline values but never 
reached a statistically significant difference from base- 
line. In contrast, the high-dose group demonstrated a sig- 
nificant decline in PAI-1 levels that was noted within 24 
hours and onward (Table 3). This decline coincided with 
that of the t-PA levels in this group. In the placebo group, 
levels of PAI-1 tended to decrease, whereas t-PA levels 
remained unchanged. 

For all measured parameters of fibrinolysis, the lev- 
els tended to be lower in the high-dose interleukin-1 re- 
ceptor antagonist group than in die low-dose group, which 
suggests a dose-dependent dFect of interleu kin-1 recep- 
tor antagonist ion the reduction of fibrinolytic system ac- 
tivation. 

EFFECT OF IL-1 RECEPTOR BLOCKADE 
ON NEUTROPHIL ACTIVATION 

Neutrophil elastase-oti-antitrypsin complexes were also 
measured to assess neutrophil activation in these pa- 
tients. Levels of neutrophil dastase-a r antitrypsin gradu- 
ally declined in both interleukin-1 receptor antagonist 
treatment groups, notably within 24 hours after the on- 
set of the infusion. In the high-dose group, a significant 
decrease in neutrophil elastase-a r antitrypsin levels was 
observed at t=72 hours compared with baseline values 
(P<.05) (Table 3). By contrast, the levels of neutrophil 
elastase and antitrypsin remained unchanged in the pla- 
cebo group (Figure 4). 

IL-1 RECEPTOR BLOCKADE 
AND PLASMA LEVELS OF PLA 2 

The activity of phospholipase A 2 is suggested to be the 
rate-limiting step in the biosynthesis of arachidonic acid 
metabolites. 43 Therefore, levels of sPLA 2 were measured 
to estimate the in vivo effect of IL-1 receptor blockade 
on the formation of proinflammatory lipid mediators. 
Baseline levels of sPLA 2 were comparable between all three 
groups (Figure 5). The levels of sPLA 2 remained un- 
changed during the 72-hour observation period in the 
placebo group, whereas those in the low-dose and high- 
dose groups declined significandy from baseline values 
from 24 hours onward (Table 3). In the high-dose group, 
the levels were significandy lower at two time points 
(P<.05) when compared with those in the placebo group 
(Figure 5). 



The cytokines TNF-a and IL-1 are presumed to initiate 
many aspects of the systemic inflammatory response via 
activation of various mediator systems. However, the rela- 
tive contribution of TNF-a and IL-1 to this host re- 
sponse remains unclear. The relative role of IL-1 as a proxi- 
mal signal in this process was investigated by serially 
evaluating plasma levels of purported IL-l-inducible in- 
flammatory mediators in patients with sepsis syndrome 
during infusion of a low or high dose of interleukin-1 
receptor antagonist. During such interleukin-1 receptor 
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Figure 3. tnterfeukln-1 receptor blockade and the fibrinolytic system: 
mean±SEM plasma concentrations of tissue-type plasminogen activator 
(t-PA) (top), plasminogen activator inhibitor type 1 (PAI-1) (center), and 
plasmin-a 2 -antiplasmin (PAP) (bottom) complexes during a 72-hour 
Infusion period in placebo and low-dose (1 mg/kg per hour) and high-dose 
(2 mg/kg per hour) interleukin-1 receptor antagonist groups. Significant 
differences between placebo and respective lnterieukin-1 receptor 
antagonist treatment groups are Indicated by an asterisk (?<M), double 
asterisks (P<.005), and triple asterisks (P<.001) (Mann-Whitney U test). 

ntagonist treatment, levels of IL-6 and, to a lesser ex- 
>t, IL-8 were significantly reduced compared with lev- 
els prior to intervention. The levels of such secondary 
mediators in the placebo group remained unchanged. It 
was similarly observed that measures of the comple- 
ment, coagulation, and fibrinolytic system activation also 



declined in interleukin-1 receptor antagonist-treated pa- 
tients without a comparable reduction in the placebo 
group. Finally, levels of neutrophil elastase and soluble 
PLA 2 also decreased during the 72-hour treatment pe- 
riod, particularly in the high-dose interleukin-1 recep- 
tor antagonist treatment group. 

Although a limited number of patients were stud- 
ied, the levels of inflammatory mediators of the three pa- 
tient groups were comparable at the time of study entry. 
Although the mean baseline levels in the high-dose group 
were higher than those in the low-dose or placebo groups 
for six of nine measured variables, further comparison 
of initial APACHE III scores as well as demographic data 
revealed an equal distribution of these variables among 
the three study groups. 

Changes in secondary mediator levels over time were 
most prominent in the high-dose interleukin-1 receptor 
antagonist group. For those parameters in which a re- 
duction in secondary molecules was noted, this gener- 
ally occurred to a greater extent in the high-dose inter- 
leukin-1 receptor antagonist group, further suggesting 
a dose-dependent influence of interleukin-1 receptor an- 
tagonist treatment. This trend was further supported by 
the course of changes in inflammatory mediator levels 
following completion of the 72-hour interleukin-1 re- 
ceptor antagonist treatment period. Plasma samples were 
also obtained 24 hours after the planned discontinua- 
tion of interleukin-1 receptor antagonist infusion in 16 
patients. At this time point, several levels of inflamma- 
tory mediators increased in patients treated just prior with 
interleukin-1 receptor antagonist: IL-6 (five of nine pa- 
tients), IL-8 (four of 10), C3a (five of nine), TAT (three 
of 10), and PAP (four of 10). This occurred despite the 
fact that a progressive decrease in the levels of these vari- 
ables had been observed in all these patients in the pre- 
ceding 48 to 72 hours. By contrast, none of the patients 
in the placebo group (n=5) sampled at this time point 
demonstrated change in measured variables (data not 
shown). 

The detection of circulating IL-ip in patients with 
sepsis has been noted in up to 37% of patients with sep- 
sis, 3 - 5 * 44 "* 6 and such results may be influenced by the as- 
say methods. 47 A very low incidence of detectable IL-10 
was observed in our study. This may be because we col- 
lected the initial blood sample just prior to the start of 
treatment (12 to 24 hours after admission to the inten- 
sive care unit). This may also explain why TNF-a was 
also seldom detected. In patients with sepsis, TNF-a is 
rapidly eliminated from the circulatory system. 46 The cur- 
rent study underscores the concept that a lack of detec- 
tion of 1L-10 in the plasma may not reflect activity at the 
tissue level. 

Numerous studies have implicated a key role for IL-1 
in the activation and release of various mflammatory me- 
diators, either direcdy or via the induction of IL-6 and 
other cytokines. 13 « 16 - 17 - 48 In accord with the.stimulating 
effect of exogenous interleukin-la on the release of IL-6 
observed in nonhuman primates, 10 IL-1 receptor block- 
ade attenuated circulating levels of IL-6 during human 
sepsis. In addition, plasma IL-6 responses to lethal E coli 
shock are significandy diminished by interleukin-1 re- 
ceptor antagonist treatment in baboons. 28 Earlier phase 




Figure 4. Interteukin-1 receptor blockade and neutrophil activation- 
mean±SEM plasma concentrations of neutrophil elastase-a r antitrypsin 
complexes during a 72-hour infusion period in placebo and low-dose (1 
mgAg per hour) and high-dose (2 mg/kg per hour) interteukin-1 receptor 
antagonist groups. 




Figure 5. Interteukin-1 receptor blockade and phospholipase A 2 - 
mean±SEM plasma concentrations of secretory phospholipase A* (sPUM 
during a 72-hour infusion period in placebo and tow-dose (1 mgAg per 
hour) and high-dose (2 mgAg per hour) interleukin-1 receptor antagonist 
groups Significant differences between the placebo and high-dose 

receptor antagonist treatment groups are indicated by an 
astensk (P<.05) (Mann-Whitney U test). 

II results also demonstrated a dose-proportional reduc- 
tion of IL-6 levels during interleukin-1 receptor antago- 
nist treatment 49 This effect may well be of clinical im- 
portance because increased IL-6 levels have been found 
to predict a fatal outcome in patients with sepsis syn- 
drome. 44 - 50 * To what extent this reduction in IL-6 lev- 
els exerts a direct influence on other mediator systems 
remains to be determined. 

Neutrophil activation and migration 52 is influenced 
by IL-8, and levels of this cytokine increase during intra- 
venous administration of mterleukin-la in primates 14 and 
are also elevated during human sepsis. 36 In accordance with 
the lack of significant reduction in IL-8 levels during in- 
terleukin-1 receptor antagonist treatment in the present 
study, Fischer et aP observed no effect of IL-1 receptor 
blockade on circulating levels of IL-8 in baboons with sep- 



sis." No data are available on the role of IL-1 in the induc- 
tion of IL-8 in patients with clinical sepsis, and our data 
provide no evidence to suggest a signiflcant role for IL-1 
in Reappearance of IL-8 during sepsis. Interestingly, how- 
ever, interleukin-1 receptor antagonist treatment did pro- 
duce a decrease in levels of circulating neutrophil elastase 
(complexed to oti-antitrypsin), which suggests dimin- 
ished activation and degranulation of neutrophils. In agree- 
ment herewith, in rabbits challenged with endotoxin or E 
toli, neutrophil aggregation in lung tissue was reduced by 
interleukin-1 receptor antagonist tratment 9 ' 29 In vitro stud- 
ies have shown that iriterleukin-1 receptor antagonist can 
bind to type II IL-1 receptors on human neutrophils, 53 
whereas the ex vivo experiments of Fasano et al 25 have dem- 
onstrated an increased expression of IL-1 receptors in pa- 
tients with sepsis syndrome. 25 Thus, our results suggest that 
IL-1 is involved in neutrophil activation in patients with 
sepsis syndrome. 

Complement activation during severe infection is gen- 
erally considered to result from a direct interaction of 
complement proteins with bacteria. A complement acti- 
vation mechanism induced by IL-1 has yet to be de- 
scribed. However, evidence for the existence of a cytokine- 
inducible pathway has been provided by evaluation of the 
complement system in patients with cancer who received 
immunotherapy with recombinant interleukin-2. In these 
patients, administration of recombinant interleukin-2 
yielded a dose-dependent increase in plasma levels of C3a, 
indicating activation of the complement system. 54 This 
complement activation was presumed to be an indirect ef- 
fect of recombinant interleukin-2 administration, prob- 
ably via the induction of other cytokines, because in vitro 
recombinant interleukin-2 did not activate the comple- 
ment system. 54 De Boer et al 55 found a biphasic activation 
pattern of complement activation in baboons challenged 
with live E colU the second phase starting 4 to 6 hours af- 
ter the challenge, at which time the infused microorgan- 
isms had been cleared from the circulatory system. In the 
present study, we observed a dose-dependent reduction 
in circulating C3a levels during interleukin-1 receptor an- 
tagonist infusion, which suggests that an endogenous ac- 
tivation mechanism of complement by IL-1 may occur in 
patients with severe infection. As neutrophilic protein- 
ases are able to cleave complement factors, 56 the effect of 
IL-1 on the activation and degranulation of neutrophils 
may be significant in this respect It is noteworthy that ac- 
tivation of the complement system, as reflected by el- 
evated plasma levels of C3a and C4a, correlates with a fa- 
tal outcome in patients with sepsis. 57 Thus, reduction of 
complement activation via inhibition of IL-1 maybe of clini- 
cal importance. 

Disseminated mtravascularcoaguktionisamajorcom- 
plication of sepsis and results from disturbances of the he- 
mostatic balance of the vascular endothelium. Following 
endothelial damage, the coagulation system in plasma is 
activated. This system consists of two cascades, ie, the ex- 
trinsic or tissue factor pathway and the intrinsic pathway 
or contact system of coagulation. Activation of the coagu- 
lation system via either route can be quantified by assess- 
ment of plasma levels of thrombin complexed to its spe- 
cific inhibitor, antithrombin III (TAT complexes). This 
coagulative response is accompanied by a biphasic change 



in the fibrinolytic system involving initial stimulation and 
subsequent inhibition of plasminogen activation 58,59 as mea- 
sured by plasma levels of plasminogen complexed to its in- 
hibitor, ct 2 -antiplasmin (PAP .complexes). In both experi- 
mental endotoxemia and septic shock, activation of 
fibrinolysis is evident by an early increase in t-PA activity 
followed by a decline that is coincident with the appear- 
ance of the main inhibitor of t-PA (PAI-1). 59 ' 60 A similar 
pattern hats been demonstrated following a TNF chal- 
lenge in healthy volunteers: the coagulative response is fa- 
vored as the fibrinolytic response is inhibited after its ini- 
tial increase. 2 ?' 21 lnterleukin-1 receptor blockade markedly 
attenuated activation of coagulation in our patients, as was 
evident from the course of TAT complexes. These results 
are in agreement with in vitro data demonstrating that IL-1 
enhances tissue factor expression on human endothelial 
cells, 61 thereby inducing activation of the extrinsic path- 
way of coagulation. Furthermore, cultured endothelial cells 
release PAI-1 in response to TNF and IL-1. 23 - 62 

The increase of PAI-1 levels in human sepsis is fur- 
ther documented by our data, which also suggest that IL-1 
also stimulates activation of the fibrinolytic system by in- 
ducing the release of t-PA and the activation of plasmino- 
gen. Conversely, both TNF and IL-1 diminish the secre- 
tion of t-PA by cultured human endothelial cells. 23,62 Thus, 
the in vivo behavior of TNF in human volunteers as well 
as our data illustrate a discrepancy between in vitro re- 
sults and the in vivo situation. Alternatively, thrombin po- 
tently induces the release of t-PA and PAI-1. 63 As interleu- 
kin-1 receptor antagonist treatment induced decreased 
circulating TAT complex levels, the decreased release of 
t-PA and its inhibitor also may have been due to a dimin- 
ished thrombin formation following interleukin-1 recep- 
tor antagonist infusion. 

Arachidonic acid derivatives (eicosanoids), such as 
thromboxane A 2 , ieukotrienes, and prostaglandins, have 
potent effects on platelets and neutrophils as well as alter 
vascular permeability and tissue blood flow. 64 The release 
of arachidonic acid from membrane phospholipids is as- 
cribed largely to the hydrolytic action of PLA 2 . 43 More- 
over, PLA 2 is a key regulatory enzyme for the production 
of platelet activating factor, which has also been impli- 
cated as an important mediator of sepsis and septic shock 19,65 
Elevated levels of secretory PLA 2 correlate to hypotension 
and pulmonary changes (adult respiratory distress syn- 
drome) in patients with sepsis. 66,67 In vitro studies have dem- 
onstrated that TNF, IL-1, and IL-6 may induce secretion 
of PLA 2 by various cell types, such as hepatoma cells. 68 Redl 
et al 69 recendy confirmed the role of TNF as a mediator of 
PLA 2 in baboons with sepsis. Our data further extend the 
in vivo role of cytokines toward the release of P1A 2 by dem- 
onstrating that IL-1 receptor blockade induced a dose- 
dependent decrease of PLA 2 levels. 

Our results lead us to conclude that the activation and/ 
or release of inflammatory mediators during severe infec- 
tion is at least partly attributable to IL-1 activity. The cur- 
rent results further substantiate a pivotal role for this cyto- 
kine in the pathogenesis of a generalized host inflammatory 
response. The attenuation of coagulation, fibrinolytic and 
complement activation variables, levels of secretory PLA 2 , 
and, to a lesser extent, neutrophil elastase during interleukin- 1 
receptor antagonist treatment are consistent with the increase 



in survival time in patients with disseminated intravascu- 
lar coagulation or adult respiratory distress syndrome pre- 
sentatstudy entry, as observed ina previously reported mul- 
ticenterphaselll trial 30 in which these patients were accrued. 
Although this trial did not achieve a statistically significant 
reduction in the all-cause 28-day mortality rate in interleukin- 1 
receptor antagonist-treated patients, the current data dem- 
onstrate that interleukin- 1 receptor antagonist treatment di- 
minishes the appearance of several inflammatory variables 
and the alterations of coagulation and/or fibrinolysis path- 
ways. These observations lend further support to the con- 
cept that IL-1 activity is of importance in the pathogenesis 
of the more severe manifestations of the systemic inflam- 
matory response syndrome. 
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